Background: Infectious diseases may rival cancer, heart disease, and chronic lung disease as sources of morbidity and mortality from smoking. We reviewed mechanisms by which smoking increases the risk of infection and the epidemiology of smoking-related infection, and delineated implications of this increased risk of infection among cigarette smokers.
more severe in smokers than nonsmokers. Perhaps the greatest public health impact of smoking on infection is the increased risk of tuberculosis, a particular problem in underdeveloped countries where smoking rates are increasing rapidly.
Conclusions:
The clinical implications of our findings include emphasizing the importance of smoking cessation as part of the therapeutic plan for people with serious infectious diseases or periodontitis, and individuals who have positive results of tuberculin skin tests. Controlling exposure to secondhand cigarette smoke in children is important to reduce the risks of meningococcal disease and otitis media, and in adults to reduce the risk of influenza and meningococcal disease. Other recommendations include pneumococcal and influenza vaccine in all smokers and acyclovir treatment for varicella in smokers. Med. 2004; 164:2206 -2216 C IGARETTE SMOKING IS A well-known major risk factor for premature mortality due to cancer, cardiovascular disease, and chronic obstructive pulmonary disease.
Arch Intern
Cigarette smoking also appears to be a major risk factor for respiratory tract and other systemic infections. Both active and passive cigarette smoke exposure increase the risk of infections. The morbidity and mortality of infectious diseases due to smoking are not widely appreciated by physicians.
The mechanism of increased susceptibility to infections in smokers is multifactorial and includes alteration of the structural and immunologic host defenses. The aims of this article are to review the mechanisms by which smoking increases the risk of infection, to review the epidemiology of smoking-related infections, and to discuss implications of the increased risk of infection among cigarette smokers.
METHODS
The MEDLINE database was searched for articles on the mechanisms and epidemiology of smoking-related infectious diseases. All relevant English-language articles published between 1978 and 2003 in the MEDLINE database were searched, by using the terms cigarette smoking and immune system, cellular immunity, humoral immunity, white blood cell, cytokine, and chemotaxis, as well as cigarette smoking with various specific infectious diseases. Selected references contained in these articles were also reviewed. Studies were included if they appeared to be scientifically valid; however, no formal quality rating system was used to screen articles for inclusion.
MECHANISMS BY WHICH SMOKING MAY PREDISPOSE TO INFECTION
The specific mechanisms by which cigarette smoking increases the risk of systemic infections are incompletely understood. They are multifactorial and probably interactive in their effects. They include structural and immunologic mechanisms.
Mechanical and Structural Changes Caused by Smoking
Cigarette smoke and many of its components produce structural changes in the respiratory tract. These changes include peribronchiolar inflammation and fibrosis, increased mucosal permeability, impairment of the mucociliary clearance, changes in pathogen adherence, and disruption of the respiratory epithelium. 1 These changes are thought to predispose to the development of upper and lower respiratory tract infections, which may amplify the cigarette smokeinduced lung inflammation.
A number of components of cigarette smoke, including acrolein, acetaldehyde, formaldehyde, free radicals produced from chemical reactions within the cigarette smoke, and nitric oxide, may contribute to the observed structural alterations in the airway epithelial cells.
2,3

Immunologic Mechanisms
Cigarette smoking affects both cellmediated and humoral-mediated immune responses in humans and animals. [4] [5] [6] Cell-Mediated Immune Responses. Cell Counts and Distribution in Peripheral Blood. Smokers on average exhibit an elevated peripheral white blood cell count, about 30% higher than that of nonsmokers. All major cell types are increased. [6] [7] [8] [9] [10] Taylor et al 11 found a significant relationship between the total white blood cell count in smokers and the plasma concentration of nicotine. Friedman et al 9 suggested that nicotineinduced catecholamine release might be the mechanism for this effect.
Other studies support the hypothesis that cigarette smoking causes bone marrow stimulation. Van Eeden and Hogg 12 found that polymorphonuclear leukocytes (PMNs) from long-term smokers have phenotypic changes indicating bone marrow stimulation, such as increase in band cell counts, higher levels of L-selectin, and increased myeloperoxidase content. The authors suggested that proinflammatory factors released from alveolar macrophages, such as tumor necrosis factor ␣, interleukin (IL) 1, IL-8, and granulocyte-macrophage colony-stimulating factor, are probably responsible for the stimulation of bone marrow by cigarette smoking. Vanuxem et al 13 found that white blood cell count in smokers was related to the carboxyhemoglobin concentration reflecting exposure to cigarette smoke. Tell et al 14 showed the same relationship between cigarette smoking and increased leukocyte count in adolescents, indicating that there appears to be a rapid effect of cigarette smoking on white blood cell count that is unlikely to be due to smokinginduced chronic disease conditions as seen in adult smokers.
Reports of the effects of smoking on the different subsets of lymphocyte T cells are conflicting. The influence of cigarette smoking on lymphocyte T-cell subpopulations in the peripheral blood has been investigated by means of monoclonal antibodies. Light to moderate smokers (history of less than 50 packyears) were reported to have a significant increase in CD3 + and CD4 + counts and a trend toward increased CD8 + lymphocyte count. The observed increase in the ratio of CD4 + to CD8 + lymphocytes in light smokers was due to the increase of CD4 + cells. 6, 10, [15] [16] [17] Two to 4 years after smoking cessation, the increase in CD4 + cells disappeared. 15, 18 By contrast, studies of heavy smokers (Ն50 pack-years) reported a decrease in CD4
+ and a significant increase in CD8 + cell counts. Thus, the decrease observed in the ratio of CD4 + to CD8 + lymphocytes in heavy smokers was due predominantly to an increase of CD8 + cells. 16 These effects appeared to be reversible as soon as 6 weeks after smoking cessation, 17 although in one study 6 it took 2 to 4 years for these effects to disappear. Other studies have reported no difference in the CD4 + and CD8 + lymphocyte counts among moderate smokers. 19 Since CD4
+ cells facilitate B-cell proliferation and differentiation and immunoglobulin synthesis, the decrease in this subset observed in heavy smokers might contribute to the increased susceptibility to infections in this population. An increase in CD8
+ cells, such as that observed in heavy smokers, has been associated with both neoplasia and infection. 20 Studies on Lung Fluids. The results of studies of bronchoalveolar fluid from smokers differ from findings in the peripheral blood. Bronchoalveolar lavage studies 19 23, 24 Polymorphonuclear leukocytes from the peripheral blood of smokers exhibit depressed migration and chemotaxis compared with PMNs from nonsmokers. 24, 25 The motility and chemotaxis of PMNs are depressed in the oral cavity of smokers compared with nonsmokers. 24, 26 Which constituents of smoke are responsible for these effects remains unclear.
Bridges et al 27 demonstrated that whole cigarette smoke, its gas phase, and the water-soluble fraction were potent inhibitors of PMN chemotaxis. Of the water-soluble fraction of cigarette smoking, the unsaturated aldehydes (acrolein and crotonaldehyde) were the major contributors to the inhibitor properties. Bridges and Hsieh 28 showed that the nonvolatile components of cigarette smoking also inhibit chemotaxis by a mechanism that differs from that of the unsaturated aldehydes present in the vapor phase of smoke. The nonvolatile component did not inhibit migration. A relationship was observed between the polarity of a fraction and its inhibitory potency; thus, the inhibition of PMN chemotaxis could not be attributed to either nicotine or the polycyclic hydrocarbons. Sasagawa et al 29 found that nicotine had no effect on PMN migration and chemotaxis.
Macrophages from the lungs of smokers have a greater inhibitory effect on lymphocyte proliferation than macrophages from the lungs of nonsmokers. Thus, the immunosuppressive effects of the macrophages on cell-mediated immune response are increased in smokers. 30 The release of cytokines from macrophages may also be altered in smokers. 31 Twigg and coworkers 32 showed that cigarette smoking decreases the secretion of the proinflammatory cytokines such as IL-1 and IL-6. Wewers et al 22 showed decreased production of tumor necrosis factor ␣. Ouyang et al 33 and Hagiwara et al 34 reported that cigarette smoking also suppresses IL-2 and interferon ␥ production. Hydroquinone, the phenolic compound in cigarette tar, had the most potent inhibitory effect of these cytokines, whereas nicotine had little effect. On the other hand, IL-10 production by human mononuclear cells was inhibited by treatment with nicotine patches in patients with inflammatory bowel disease. 35 Recently, Matsunaga et al 36 reported that nicotinic acetylcholine receptors are involved in the cytokine responses of alveolar macrophages to Legionella pneumophila infection.
The cytokines IL-1 and IL-6 are important in the host defense against infection. 37, 38 Animal studies have shown that depletion of these cytokines increases susceptibility to bacterial pneumonia. Since PMNs play a significant role in host defense against acute bacterial infections, an impairment of PMN functions by smoke may contribute to the increased susceptibility of smokers to systemic infections, including bacterial pneumonia.
Effects on Lymphocyte Functions. Natural killer (NK) cell activity in peripheral blood has been reported to be reduced in smokers compared with nonsmokers. 6, 15, [39] [40] [41] Using a cytotoxicity assay, Ginns et al 16 found that smokers had 47% of the NK activity of nonsmokers. These alterations appear to be reversible, since NK activity in ex-smokers was similar to that of a never-smoking group compared with smokers. 18, 42 The recovery period was relatively short, as little as 6 weeks. 15, 17 Since NK cells are important in the early surveillance response against viral infections and resistance against microbial infections, 43, 44 impairment of NK cell activity by cigarette smoking is a potential mechanism for the increased incidence of infections among smokers.
The molecular mechanisms by which cigarette smoking alters lymphocyte function, as described previously, are still poorly defined. Animal studies have shown that nicotine inhibits the antibody-forming cell response through impairment of antigen-mediated signaling in T cells and suppression of intracellular calcium response.
5,45,46 Kalra et al 47 exposed rats to mainstream cigarette smoke or to nicotine via constantrelease osmotic pumps for up to 30 months and concluded that nicotine was the major immunosuppressive component in cigarette smoking. One suggested mechanism was through activation of protein tyrosine kinases and the depletion of inositol-1,4,5-trisphosphate-sensitive calcium stores in T cells.
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Humoral Immune System. Peripheral Blood. The effects of cigarette smoking on humoral immunity have been studied extensively. 4, 5 Several studies have found that smokers had serum immunoglobulin levels (IgA, IgG, and IgM) 10% to 20% lower than those of nonsmokers.
39,48-51 Mili et al 10 found that IgA, IgG, and IgM levels were higher among former smokers than current smokers and increased with duration of smoking cessation. This suggests that the effect was reversible, with a return toward the immunoglobulin levels of nonsmokers. Hersey et al 18 found that 3 months after subjects stopped smoking, IgG and IgM but not IgA levels had increased compared with levels during smoking.
Lung Fluids. The IgG content of bronchial fluids was found to be twice as high in smokers than nonsmokers. 18, 52 A selective increase in immunoglobulin levels could be explained either by stimulation of local immunoglobulin production or by exudation of plasma immunoglobulin into alveolar spaces in response to inhaled cigarette smoke. 53 The availability of opsonic antimicrobial antibodies is essential for optimal function of phagocytes to take up and contain bacteria. 54 The antibody response to a variety of antigens, such as influenza virus infection and vaccination 55 and Aspergillus fumigatus, 56 is depressed in cigarette smokers.
Summary of Immunologic Effects of Cigarette Smoking.
In summary, cigarette smoking is associated with a variety of alterations in cellular and humoral immune system function. These alterations include a decreased level of circulating immunoglobulins, a depression of antibody responses to certain antigens, a decrease in CD4 + lymphocyte counts, an increase in CD8 + lymphocyte counts, depressed phagocyte activity, and decreased release of proinflammatory cytokines.
The pathogenesis of smoking effects on the immune system is not well understood. Some investigatorshavedemonstratedanantigenic role of substances in cigarette smoking, resulting in the development of antigen-antibody complexes. These complexes are capable of causing pulmonary and peripheral changes in responses of the humoral and cellmediated system. Hersey et al 18 and Costabel et al 19 suggested that the antigen-antibody complexes may induce localized alterations of the immune status of the saliva and the bronchoalveolar fluid and predispose to respiratory tract infections.
Smoking, via the effects of nicotine, can stimulate catecholamine and corticosteroid release. These mediators might increase CD8 + lymphocytes in the cellular-mediated system 17 and suppress the host defense against infections. It is important to recognize that many of the immunologic abnormalities in smokers resolve within 6 weeks after smoking cessation, supporting the idea that smoking cessation is effective in a relatively short time in the prevention of infections.
The results of several studies suggest that nicotine is an important im-munosuppressive component of cigarette smoke, but other components also appear to have a role.
SMOKING AND CLINICAL INFECTIOUS DISEASES
General Considerations With Respect to Epidemiologic Studies
In evaluating epidemiologic studies reportinganassociationbetweencigarette smoking and infectious diseases, one must consider the possibility of confounding. Compared with nonsmokers, cigarette smoking is associated with lower socioeconomic status, different diet, greater alcohol and drug use, lower levels of physical activity, and more risk-taking behaviors, including risky sexual behaviors. Most studies have controlled for factors such as age, sex, race/ethnicity, alcohol consumption, sexual habits, etc, although not every study has controlled for every possible confounder. Because of space limitations, we are unable to describe which factors were controlled for every study, but we have selectively commented on controls for particular studies where it seemed relevant.
Bacterial Infections
Pneumococcal Pneumonia. Cigarette smoking is a substantial risk factor for pneumococcal pneumonia, especially in patients with chronic obstructive pulmonary disease. However, even without chronic obstructive pulmonary disease, smoking is a major risk factor. In a populationbased surveillance study conducted in Dallas County, Texas, in 1995, 57 smoking was strongly associated with invasive pneumococcal disease in otherwise healthy young and middleaged adults (30 to 64 years of age), for whom pneumococcal vaccination is not currently recommended. Among such individuals with invasive pneumococcal disease, 47% were current smokers. The odds ratio (OR) for invasive pneumococcal disease was 2.6 (95% confidence interval [CI], 1.9-3.5) for smokers in the 24-to 64-year age group and 2.2 (95% CI, 1.4-3.4) for smokers 65 years or older. The attributable risk from smoking was 31% and 13% in these 2 groups, respectively. A recent populationbased case-control study 58 showed that smoking was the strongest independent risk factor for invasive pneumococcal disease among immunocompetent adults. The OR was 4.1 (95% CI, 2.4-7.3) for active smoking and 2.5 (95% CI, 1.2-5.1) for passive smoke exposure in nonsmokers compared with nonexposed nonsmokers ( Table 1) . The attributable risk in this population was 51% for cigarette smoking and 17% for passive smoking. This effect showed a strong dose-response relationship (Figure 1) . The risk of pneumococcal disease declined to nonsmoker levels 10 years after cessation (Figure 2) .
In another case-control study, Almirall et al 59 found that current smoking was associated with a nearly 2-fold risk of community-acquired pneumonia (OR,1.88; 95% CI, 1.11-3.19), where 32% of the risk was attributable to cigarette smoking. In this study, there was a trend toward a dose-response relationship. A 50% reduction in the OR was reported 5 years after cessation of smoking. Table 1 summarizes these results.
In vitro adherence of Streptococcus pneumoniae to buccal epithelial cells has been shown to be increased in cigarette smokers. 60 This increased adherence may persist for up to 3 years after smoking cessation. Since increased adherence of bacteria to surface cells is an established pathogenic step for bacterial colonization and infection in both lung and other organs, this may contribute to the increased risk of respiratory infection that exists in cigarette smokers.
Legionnaires Disease. Legionnaires disease is a life-threatening bronchopneumonia responsible for 1% to 3% of community-acquired pneumonia. Diverse environmental factors have been identified, and cigarette smoking appears to be an independent risk factor. 61 Straus et al 62 reported that the risk of legionnaires disease was increased 121% per cigarette pack consumed daily, with an OR of 3.48 (95% CI, 2.09-5.79) for smoking. For persons without an underlying disease, the OR for smokers compared with nonsmokers was 7.49 (95% CI, 3.27-17.17). 
Meningococcal Disease
Active Smokers. In a case-control study by Fischer et al, 63 36% of patients with meningococcal disease were current smokers, while 14% were nonsmokers (OR, 2.4; 95% CI, 0.9-6.6). During an outbreak of serogroup C meningococcal disease among college students, 4 of 6 cases were in cigarette smokers, a prevalence much higher than that of exposed controls (OR, 7.8; 95% CI, 1.3-64.4). 64 Cigarette smoking is associated with meningococcal colonization of the nasopharynx. Stuart et al 65 found that 55% of active smokers were carriers compared with 36% of nonsmokers and 76% of those exposed to secondhand tobacco smoke. The risk of carriage associated with active smoking increased with the daily number of cigarettes smoked. The OR for all smokers was 2.3 (95% CI, 1.2-4.6), with a greater risk for smokers of more than 20 cigarettes per day. Caugant et al 66 performed a survey among a Norwegian population and found that active smoking was independently associated with meningococcal carriage (OR, 2.79; 95% CI, 1.67-4.64). There was no association between the number of cigarettes smoked daily and carriage. A similar pattern was found in a study conducted among recruits in Greece.
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Exposure to Secondhand Tobacco Smoke. Secondhand tobacco smoke exposure has also been associated with an increased risk of meningococcal disease. In a case-control study, Fischer et al 63 established a strong epidemiologic link between smoking and meningococcal disease in children. For children younger than 18 years, having a mother who smoked was the strongest independent risk factor for invasive meningococcal infection compared with other risk factors such as maternal education, no primary physician, or humidifier use (OR, 3.8; 95% CI, 1.6-8.9). Thirty-seven percent of the infections could be attributed to maternal smoking. The number of smokers living in the home and the number of packs smoked per day had a significant linear relationship with the risk of meningococcal disease. No such association was observed for paternal smoking in this study. Among adult patients with meningococcal disease, 50% were passive smokers compared with 29% controls (OR, 2.5; 95% CI, 0.9-6.9). In the Norwegian population survey, Caugant et al 66 found a doubling of carriage rate for passive smokers (OR, 2.30; 95% CI, 1.21-4.37). In a prospective study, Haneberg et al 68 found that passive smoking in children younger than 12 years was significantly more frequent in meningococcal patients (62%) than the population controls (32%) (PϽ.001).
There are several potential mechanisms by which tobacco might increase the risk of meningococcal disease. One is that tobacco smoke is a risk factor for meningococcal nasopharyngeal carriage, so that persons living with smokers have a greater chance to be exposed to meningococci. A second possible mechanism is that a preceding viral infection, which is more frequent in smokers, can act as a cofactor for meningococcal disease. During an outbreak of meningococcal disease in Los Angeles County, California, patients with meningococcal disease were more likely than matched neighborhood controls to have had an upper respiratory tract infection (OR, 3.2; 95% CI, 1.4-7.1) or to be exposed to a household visitor with an upper respiratory tract infection (OR, 2.6; 95% CI, 1.02-6.6). 69 Third, ineffective humoral immunity against the Neisseria meningitidis polysaccharide capsule is a wellrecognized risk factor for invasive meningococcal disease.
Otitis Media and Exposure to Secondhand Tobacco Smoke. Longterm tobacco smoke exposure is a risk factor for otitis media and bronchitis in children. 3 In a prospective study, 175 children with recurrent otitis media were compared with an age-matched group of 175 children to determine the role of passive cigarette smoking on the incidence of this disease. The case group more commonly had exposure to secondhand smoke, with an OR of 1.88 (95% CI, 1.02-3.49) (P=.04). Prospective follow-up of the case group showed no significant difference in the clinical course of the children who were exposed to secondhand smoke and those who were not. 70 Ilicali et al 71 examined the development of otitis media with effusion and recurrent otitis media in 166 children 3 to 7 years old, compared with an age-matched control group of 166 children. Passive smoking was a significant risk factor for otitis media with effusion and recurrent otitis media. The case group was exposed to smoke from a mean of 19.6 cigarettes per day vs 14.4 cigarettes per day for the control group (PϽ.004). Only maternal smoking was a significant factor (PϽ.001). Moreover, in utero exposure to cigarette smoke was associated with an increased risk of otitis media. In a study carried out by Stathis et al, 72 acute ear infections were associated with the mother's consumption of 1 to 9 cigarettes (OR, 1.6; 95% CI, 1.1-2.5), 10 to 19 cigarettes (OR, 2.6, 95% CI, 1.6-4.2), and 20 or more cigarettes (OR, 3.3; 95% CI, 1.9-5.9) per day during pregnancy. For subacute ear infections, an association was present with the mother's consumption of 10 to 19 cigarettes (OR, 2.6; 95% CI, 1.4-5.0) and 20 or more cigarettes (OR, 2.8; 95% CI, 1.3-6.0). In utero exposure to 20 or more cigarettes per day was also associated with an increased risk of ear surgery by 5 years after delivery (OR, 2.9; 95% CI, 1.3-6.6).
Periodontal Disease. Tobacco use is a substantial risk factor for periodontal disease. 73, 74 Smokers are 2.5 to 6 times more likely to develop periodontal disease than nonsmokers, and there is a direct relationship between the number of cigarettes smoked and the risk of developing periodontal disease. Among current smokers, the odds of periodontitis range from 2.79 (95% CI, 1.90-4.10) for 9 or fewer cigarettes per day to 5.88 (95% CI, 4.03-8.58) for 31 or more cigarettes per day. Among former smokers, the odds of periodontitis declined with the number of years since quitting, from 3.22 (95% CI, 2.18-4.76) for 0 to 2 years to 1.15 (95% CI, 0.83-1.60) for 11 or more years since quitting. 75 The severity of periodontal disease is also increased in smokers and the postoperative results are poorer than those achieved in nonsmokers. 76 There is a direct relationship between tobacco use and increased attachment loss, pocket depth, and reduced bone crest height. 77, 78 Smokers have a greater extent of subgingival bacterial colonization than never-smokers. 79, 80 Helicobacter pylori Infection. The pathogenesis of peptic ulcer disease is multifactorial. Helicobacter pylori infection and smoking are wellestablished risk factors. More than 95% of duodenal ulcers are associated with H pylori infection, and treatment of H pylori markedly reduces ulcer recurrence rates. Smokers are more likely to develop ulcers. 81 Ulcers in smokers take longer to heal 82 and relapse more often in smokers compared with nonsmokers. [83] [84] [85] Moshkowitz et al 86 found that gastric and duodenal ulcers were more prevalent in smokers than nonsmokers (gastric, 4.1% vs 1.8%; duodenal, 50% vs 39.8%, respectively; PϽ.05). Bateson, 87 in a prospective study, reported that 51.8% of patients with duodenal ulcers and 48.8% of those with gastric ulcers were smokers, compared with 31.8% of the controls. This study reported an association between current smoking and H pylori infection in patients with normal results of endoscopy. Current cigarette smokers had a higher rate (49.6%) of H pylori infection than nonsmokers and ex-smokers (35.5%) (PϽ.01). In another study, 73% of H pyloripositive smokers had a duodenal or gastric ulcer, whereas only 27% of seropositive nonsmokers had ulcers. 88 Recently, Nakamura et al 89 reported an increased risk of severe atrophic gastritis and intestinal metaplasia associated with smoking (OR, 9.31; 95% CI, 3.85-22.50; and OR, 4.91; 95% CI, 1.90-12.68) within H pylori-positive subjects.
Nicotine potentiates the vacuolating toxin activity of H pylori. This toxin may be an important determinant of the virulence of H pylori. In an in vitro model, Cover et al 90 showed that treatment of cells with nicotine after exposure to H pylori toxin induces formation of vacuoles within eukaryotic cells and incites mucosal damage. While cigarette smoking is a strong predictor of recurrent ulcer in the presence of H pylori treatment, cigarette smoking appears to have little effect on ulcer healing after eradication of H pylori. 91 Borody et al 92 showed that, in 197 patients with eradicated H pylori and cured duodenal ulcer by endoscopy examination, there was no recurrence of ulcer, regardless of smoking status during a follow-up period of 6 years. These observations support the idea that a major mechanism by which smoking increases ulcer disease is by increasing the rate of infection and/or the virulence of H pylori.
Viral Infections
Common Cold. Large epidemiologic studies support the association between smoking and the prevalence of colds and lower respiratory tract symptoms. In a prospective cohort study, Blake et al 93 examined a large group of US Army recruits (1230 soldiers) and found that 22.7% of smokers had upper respiratory infection compared with 16% of nonsmokers; a relative risk of 1.5 (95% CI, 1.1-1.8).
Cohen et al 94 showed that smoking status was predictive of the development of clinical colds when they exposed 400 healthy volunteers intranasally to a low dose of 1 of 5 respiratory viruses. Viral suspensions were installed into the nares and infections were diagnosed on the basis of viral isolation, virus-specific antibody, and clinical findings. Smokers had a significantly higher incidence of acute infection (clinical cold) than nonsmokers, with an OR of 2.23 (95% CI, 1.03-4.82). Among virologically confirmed infected individuals, smoking was associated with a higher likelihood of symptoms leading to a clinical diagnosis (OR, 1.83; 95% CI, 1.00-3.36). This risk for smokers was independent of alcohol consumption, as well as of demographic, environmental, immunologic, and psychological variables. Cohen et al 94 suggested that the relationship between smoking and increased symptoms from viral respiratory infections could be explained by impairment of immune processes that limit viral replication or enhancement of inflammatory processes involved in the production of symptoms. When Vitalis et al 95 exposed guinea pigs with latent adenoviral infection to a single dose of cigarette smoke, they developed a more aggressive inflammatory response. An important feature of adenovirus infection is that portions of its viral DNA persist in host cells after viral replication has stopped. This may be important in the pathogenesis of permanent airway obstruction, bronchiectasis, chronic obstructive pulmonary disease, and emphysema. The probable mechanism is through a protein expressed by the latent viral DNA. This protein amplifies the expression of genes that are activated in cigarette smoke-induced airway inflammation.
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Influenza. Several studies have confirmed the relationship between cigarette smoking and the risk of influenza infections. 97 Influenza infections are more severe, with more cough, acute and chronic phlegm production, breathlessness, and wheezing in smokers. Female smokers in the Israeli Army had a 60% risk of influenza compared with 41.6% in nonsmokers (OR, 1.44; 95% CI, 1.03-2.01). They also had a 44% increase in complications (visited the clinic more frequently) during an epidemic influenza illness caused by the A(H1N1) subtype. 98 In another study of 336 healthy young male recruits in the Israeli military unit conducted by Kark et al, 99 the incidence of influenza was 68.5% among smokers and 47.2% among nonsmokers (PϽ.001). The OR was 2.42 (95% CI, 1.53-3.83). Influenza was more severe among smokers, with a dose-related increase in rate: 30% in nonsmokers, 43% in light smokers, and 54% in heavy smokers (P Ͻ.001). Work loss occurred in 50.6% of smokers and 30.1% of nonsmokers. Overall, 31.2% (95% CI, 16.5-43.1) of influenza cases were attributed to cigarette smoking.
Enhanced bacterial adherence has been documented for respiratory cells infected, with influenza A virus being responsible for viral-bacterial combination pneumonia. 100 Studies have suggested that inflammatory activation of platelet-activating factor is an important factor in the attachment and invasion of cells by pneumococcal strains. Cigarette smoking alters platelet-activating factor metabolism and may contribute to the increased incidence of bacterial superinfection in people who develop influenza. 101, 102 Although influenza was more severe in smokers, smokers' antibody levels to A(H1N1) antigen were not significantly higher than those of nonsmokers. Only 50% of those with severe disease achieved titers greater than 20. Moreover, influenza antibodies wane more rapidly in smokers than in nonsmokers. 55 This finding suggests that smokers are not only at a high risk of influenza, but have an increased susceptibility to new attacks afterward. 99 Influenza rates are similar in vaccinated smokers and nonsmokers. However, influenza vaccination can be considered to be more efficacious in smokers than nonsmokers because the infection rates arehigherinunvaccinatedsmokers.
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Varicella. In adults, varicella infection is associated with a substantial incidence of complications. One of these complications is varicella pneumonitis, for which smokers appear to be at greater risk. Ellis et al 104 showed that among 29 adults with varicella infection, 7 of the 19 smokers were hospitalized with pneumonitis, but none of the 10 nonsmokers developed pneumonia. Later, Grayson and Newton-John 105 reported a 15-fold risk of varicella pneumonitis in smokers compared with nonsmokers and varicella (PϽ.001).
Human Papillomavirus Infections.
Human papillomavirus (HPV) infection of the lower genital tract is one of the most common sexually transmitted diseases and is the cause of cervical intraepithelial neoplasia. Although the human papillomavirus is the infectious agent, the clinical manifestations of HPV are a function of the interaction of the virus and other factors such as the patient's cell-mediated and humoral immune system, as well as patient characteristics such as smoking. 106 The incidence of HPV infection is difficult to establish, since most of the infections are transient and, until the advent of polymerase chain reaction-based diagnostic techniques, the serologic measurements did not have good sensitivity or specificity. Between 7% and 50% of teenage patients are infected with HPV, 107, 108 depending on their sexual behavior. The association of cigarette smoking, both active and passive, with HPV expression and cervical intraepithelial neoplasia is strong. A relative risk of 2.7 (95% CI, 1.7-4.3) for smoking has been reported. 109 Nicotine and other constituents of smoke have been found in the cervical mucus of active and passive smokers. 110 These constituents have been associated with decreased numbers of Langerhans cells in the cervix in a cytologic examination. 106 The Langerhans cells are part of the antigen-T-lymphocyte cell-mediated immune response system and are responsible for recruiting CD4 + lymphocytes, which are necessary for the local immune response. Patients who did not respond to interferon treatment for HPV had low levels of CD4 + lymphocytes and a low CD4 + /CD8 + ratio. This ratio was nearly normal in patients who responded to interferon treatment. 111 The at-risk profile of low CD4 + /CD8
+ ratio is similar to that due to smoking described earlier in this article. In addition, some studies have shown that vitamin A and beta carotene protect against cervical intraepithelial neoplasia. 112 Cigarette smokers have decreased serum beta carotene levels. Most likely, cigarette smoke acts as a cofactor facilitating HPV infection and as an immune suppressant. However, the virus and smoking are independent and additive in their effects on the immune system.
Human Immunodeficiency Virus
Infection. A few studies have investigated cigarette smoking as a cofactor for AIDS in individuals infected with human immunodeficiency virus (HIV). The first association between smoking and AIDS was observed by Newell et al. 113 Later, Royce and Winkelstein 114 reported an elevated risk of AIDS and a more rapid progression in seropositive smokers compared with nonsmokers. In 1990, Boulos et al 115 reported an association between smoking and HIV infection in pregnant Haitian women. Women who smoked 4 or more cigarettes per day had a 25% HIV-1 seropositive rate, compared with 9.6% for women who smoked fewer than 4 cigarettes per day. The association between HIV infection and smoking was confounded by an association between cigarette smoking and high-risk sexual behavior, but cigarette smoking was found to be an independent risk factor after controlling for both high-risk sexual behavior and HIV infection in this population. The OR for smoking and HIV infection was significant (OR, 3.4; 95% CI, 1.6-7.5). On the other hand, Burns et al 116 observed a higher HIV seroconversion rate in persons who were homosexual who smoked than in nonsmokers, but found no effect of smoking on clinical outcome in their cohort. Similar results were also reported by Craib et al, 117 who failed to find a significant association between cigarette smoking and the development of Pneumocystis carinii pneumonia.
Although the association between smoking and HIV infection could be due to a confounding factor such as participation in highrisk behaviors, a biological effect of cigarette smoking must be considered. Nicotine and cotinine are concentrated in the cervical secretions of women who smoke 118, 119 and could alter local immune factors and increase susceptibility to viral infections of the genital tract. In patients infected with HIV, smoking is also associated with an increased incidence of bacterial pneumonia. In a multicenter study done by the Pulmonary Complications of HIV Infection Study Group, this smoking effect was strongest in the most lymphopenic subgroup of patients. 120 As discussed previously, cigarette smoking is associated with an increase in the percentage of CD4 + in blood in seronegative populations. Several studies 112, 114, 116, 117, 121, 122 have shown that these effects are attenuated in the HIV-infected smoking population during the first 2 years of infection. Analysis of the data suggested that an effect of smoking is present within the first few years of HIV infection but then disappears, and these patients ex-perience a marked decrease in CD4 + counts. In other words, when smokers become infected with HIV, it takes up to 2 years for viral-related depletion of CD4 cells to overwhelm the smoking effect. In contrast, a significant decrease in CD4 and CD8 cells is seen in their bronchoalveolar lavage fluid, suggesting that cigarette smoking has a significant impact on lung defenses in HIV-infected individuals. 22 test conversion in smokers compared with 10.3% in nonsmokers. An interesting finding of this study was that the duration of smoking was more important than the number of cigarettes smoked daily. Table 2 summarizes the results of these studies.
A large case-control study in India examined smoking and tuberculosis in men between 35 and 69 years of age. 128 The tuberculosis prevalence risk ratio was 2.9 (95% CI, 2.6-3.3) for ever-smokers compared with never-smokers, and the prevalence was higher with a higher level of cigarette consumption ( Table 2 ). The mortality from tuberculosis among men 25 to 69 years of age, based on 4072 tuberculosis deaths, showed a risk ratio of 4.5 (95% CI, 4.0-5.0) and 4.2 (95% CI, 3.7-4.8) for urban and rural residents, respectively. The authors found that the smokingattributable fraction of deaths from tuberculosis was 61%, greater than the fractionofsmoking-attributabledeaths from vascular disease or cancer.
In a study among children living with a patient with active pulmonary tuberculosis, passive smoking was a strong risk factor for the development of active tuberculosis (OR, 5.39; 95% CI, 2.44-11.91). Passive smoke exposure was confirmed by measurement of urinary cotinine levels, which were higher in children who developed the disease. 129 The biological basis by which tobacco smoking increases tuberculosis risk may be through a decrease in immune response, mechanical disruption of cilia function, defects in macrophage immune responses, and/or CD4 + lymphopenia, increasing the susceptibility to pulmonary tuberculosis. 130, 131 Of historical interest is the relationship between tuberculosis and the rise of cigarette smoking in the early 20th century. Before that time, chewing tobacco was the preferred type of tobacco. Public fears that users of chewing tobacco who spit in public places might be spreading tuberculosis is one of the factors that led to the increase in cigarette sales in the United States. This is nicely described by Kluger 132 as follows: "Chewing tobacco was no longer merely messy but socially disagreeable in more crowded urban America, and its inevitable by-product, spit- ting, was now identified as a spreader of tuberculosis and other contagions and, thus, an official health menace. The leisurely pipe all at once seemed a remnant of a slower-temp age, and cigar fumes were newly offensive amid thronged city life. The cigarette, by contrast, could be quickly consumed and easily snuffed out on the job as well as to and from work."
SUMMARY AND IMPLICATIONS
Cigarette smoking remains an enormous health problem and is the principal cause of several preventable diseases and much premature death. Generally, physicians think of cancer, atherosclerotic cardiovascular disease, and chronic obstructive pulmonary disease as the major health problems caused by smoking. Our review summarizes research on another significant adverse health effect due to active and passive smoking: the development of infections. Infectious diseases may rival cancer, heart disease, and chronic lung disease as sources of morbidity and mortality from smoking.
We have reviewed the strength of the association between smoking and infections as measured by relative risk and the presence of a doseresponse effect. The possible mechanisms by which smoking increases the risk of infections include structural changes in the respiratory tract and a decrease in immune response, both systemically and locally within the lungs.
Cigarette smoking is a substantial risk factor for important bacterial and viral infections. To highlight some of the more common and serious links between smoking and infection, smokers incur a 2-to 4-fold increased risk of invasive pneumococcal disease, a disease associated with high mortality. Influenza risk is severalfold higher and much more severe in smokers compared with nonsmokers. Perhaps the greatest public health impact of smoking on infection is the increased risk of tuberculosis. The highest rates of tuberculosis and associated mortality are among the poor and people in underdeveloped countries. The prevalence of smoking is high among the poor in developed countries and is increasing rapidly in underdeveloped countries. Thus, it is likely that smoking contributes substantially to the worldwide disease burden of tuberculosis.
The findings of our review further emphasize the potential health benefits of smoking cessation and have specific clinical implications:
1. Smoking cessation should be part of the therapeutic plan for people with any serious infectious disease, periodontitis, or positive results of tuberculin skin tests.
2. Secondhand smoke exposure should be controlled in children to reduce the risks of meningococcal disease and otitis media and in adults to reduce the risks of influenza and meningococcal disease.
3. We have 3 recommendations for prevention of specific diseases:
• Pneumococcal and influenza vaccine in all smokers
• Acyclovir treatment for varicella in smokers
• Yearly Papanicolaou smears in women who smoke. 
